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trials
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Veronica Morales-Sánchezd, Rui Matosa,b, Nuno Amaroa,b and Raul Antunesa,b

aESECS, Polytechnique of Leiria, Leiria, Portugal; bResearch Center in Sport, Health, and Human Development (CIDESD), Covilhã, Portugal; cSchool of 
Sports Organization, Autonomous University of Nuevo León, San Nicolás de los Garza, Mexico; dDepartment of Social Psychology, Social Anthropology, 
Social Work and Social Services, Faculty of Psychology, University of Málaga, Málaga, Spain

ABSTRACT
Purpose of the article:  This study aims to evaluate the literature, peer-reviewed clinical trials 
investigating the effects of combined exercise interventions on individuals with Intellectual and 
Developmental Disabilities.
Materials and methods:  Various databases, using various descriptors and Boolean operators were 
utilized.
Results:  Eight studies meet the eligibility criteria. Regarding the anthropometric measures/body 
composition variable, the meta-analysis revealed that combined physical exercise did not have a 
significant effect (standard mean difference (SMD) = −0.16; 95% CI, −0.34 to 0.03; Z = 1.68; p = 0.09). For 
the lipid profile variable, the combined exercise interventions did not show a significant effect 
(SMD = −0.07; 95% CI, −0.43 to 0.29; Z = 0.38; p = 0.71). Combined exercise training had a significant 
effect on increasing functional capacity (SMD = 0.28; 95% CI, 0.01 to 0.54; Z = 2.03; p = 0.04), 
cardiorespiratory function (SMD = 0.80; 95% CI, 0.34 to 1.26; Z = 3.41; p ≤ 0.001), and strength (SMD = 
0.77; 95% CI, 0.45 to 1.08; Z = 4.78; p ≤ 0.001).
Conclusions:  Participants from the intervention group that took part in combined exercise training 
showed a higher probability of improving their functional, cardiorespiratory, and strength capacity 
compared to the control group.

	h IMPLICATIONS FOR REHABILITATION
•	 This study synthesises the literature, peer-reviewed clinical trials investigating the effects of combined 

exercise interventions on individuals with Intellectual and Developmental Disabilities.
•	 Participants who performed combined physical exercise were more likely to improve their functional, 

cardiorespiratory and strength capacity compared to the control group.
•	 Professionals (e.g., rehabilitation technician, exercise technician) responsible for planning interventions 

for people with IDD should consider the results of this study when planning their interventions, 
particularly regarding the prescription of physical exercise, as well as monitoring training and several 
important variables that can be enhanced by regular physical exercise.

•	 Organisations that provide support to people with IDD (support or social solidarity institutions) 
should also consider the results of this study, to provide the necessary conditions (materials, spaces 
or human resources) so that professionals could plan this type of intervention in the most appropriate 
and adapted way possible for the individual.

Introduction

Intellectual and developmental disabilities

The International Classification of Functioning, Disability and 
Health [1] promotes the use of the terms “disability” and “impair-
ment” to describe a multidimensional phenomenon arising from 
the interaction between individuals and their physical environ-
ment. However, it does not enforce a universal recommendation 
and acknowledges the importance of respecting people’s prefer-
ences in how they are addressed. Specifically, the term “Intellectual 

and Developmental Disabilities” (IDD), introduced by the [2], for-
merly known as the American Association on Mental Retardation, 
has been proposed as a substitute for “intellectual disability” or 
“mental retardation.” Similarly, the American Psychiatric Association 
made a significant terminology update in the fifth edition of the 
Diagnostic and Statistical Manual (DSM-V) by replacing “mental 
retardation” with IDD to describe deficits in cognitive ability that 
originate during the developmental period. This change was a 
clear effort to align with the terminology already adopted by the 
WHO and the AAIDD. Following the recommendations of these 
prominent institutions in the field, the United Nations also 
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adopted the term “disability” in the text of the Convention on 
the Rights of Persons with Disabilities [3].

The population with IDD is characterized by deficits in intel-
lectual and adaptive functioning, encompassing the conceptual, 
social, and practical domains. This classification is based on three 
specific criteria: (1) This includes difficulties in reasoning, 
problem-solving, planning, summarizing, thinking, judgment, 
school learning, and learning from experience. This criterion is 
supported by clinical assessment and standardized, individualized 
intelligence testing; (2) Individuals with IDD also exhibit challenges 
in one or more adaptive behaviours, impacting their ability to 
perform activities of daily living. These adaptive behaviours involve 
communication, social participation, and independent living in 
various environments, such as home, school, work, or the com-
munity; (3) The deficits in intellectual and adaptive functioning 
manifest before the age of 22 and are categorized as mild, mod-
erate, severe, or profound, as identified by Schalock et  al. [4]. 
People with IDD can experience particularly difficult situations 
when it comes to building and maintaining relationships, under-
standing social norms and communicating effectively with others 
[5]. Globally, the prevalence of individuals with IDD is approxi-
mately 1%, with a higher proportion observed in men than in 
women. Additionally, about 85% of IDD cases are classified as 
mild degree [6].

Physical activity and sedentary behaviour

A recently published systematic review highlighted that a stag-
gering 91% of individuals with IDD fail to meet the Physical 
Activity Guidelines for Americans [7]. Individuals with IDD often 
exhibit high rates of sedentary behaviour and physical inactivity, 
primarily due to the barriers they encounter when attempting to 
engage in physical activity. A systematic review identified various 
perceived barriers to regular physical activity participation, clas-
sified into five main groups: personal (6 topics), family (4 topics), 
social (13 topics), financial (1 topic), and environmental (1 topic) 
as described by Jacinto et  al. [8]. Knowing that regular physical 
activity is essential for health and quality of life, the barriers make 
it difficult for people with IDD to achieve these benefits. However, 
for individuals with IDD, it is recommended to engage in at least 
150–300 min of moderate to vigorous physical activity per week 
or 75–150 min of vigorous intensity activity. Moreover, it is advised 
that they participate in muscle-strengthening activities involving 
the major muscle groups at moderate or higher intensity, at least 
twice a week. Following these recommendations can lead to sig-
nificant health benefits and improve overall well-being for indi-
viduals with IDD [9].

Considering the lack of physical activity and a high prevalence 
of sedentary behaviours, individuals often exhibit unfavourable 
values of anthropometric (anthropometric variables are specific 
measurements that are used to assess the size, shape, and com-
position of the human body, e.g., height or weight) and body 
composition variables. While physical inactivity plays a significant 
role, variables like overweight and obesity can also be influenced 
by other factors, including an unhealthy diet, chronic energy 
imbalance, or side effects of medications. These unfavourable 
body composition values can give rise to various medical, emo-
tional, or social issues directly or indirectly related to their dis-
abling condition. Common problems include fatigue, pain, 
stigma, isolation, depression, anxiety, and other challenges asso-
ciated with their circumstances. Likewise, all these factors pro-
mote an elevation in lipid profile variables (e.g., cholesterol or 
triglycerides), consequently escalating the risk of chronic diseases 

[10]. Moreover, sedentary and inactive behaviour leads individ-
uals with IDD to experience diminished levels of all physical 
capacities, significantly hindering their ability to perform activ-
ities of daily living and compromising their independence [11] 
Several systematic reviews indicate that, when compared to the 
population without disabilities, individuals with IDD exhibit 
reduced levels of cardiorespiratory capacity [12] and muscular 
capacity [13] which may contribute to premature aging [14] and 
functional decline [15]. Overall, this not only leads to increased 
healthcare expenses but also diminishes their overall quality of 
life. Addressing these issues and promoting healthier lifestyles 
can have a positive impact on their overall well-being and quality 
of life [16].

Physical exercise

Engaging in regular exercise plays a fundamental role in prevent-
ing and modifying negative health effects and other risk factors 
associated with sedentary lifestyles and physical inactivity. It is 
considered a non-pharmacological strategy to promote physical 
capacities and quality of life. Exercise serves as an energy balancer 
and contributes to the regulation of body weight by increasing 
energy expenditure [17, 18]. Additionally, it enhances appetite 
control and reduces energy intake [19]. Furthermore, physical 
exercise serves as a crucial promoter of cardiorespiratory capacity 
and strength, significantly improving performance in activities of 
daily living [20–22]. By incorporating regular exercise into their 
routines, individuals can positively impact their overall health and 
well-being, counteracting the adverse effects of sedentary 
behaviour and physical inactivity.

Research on the effects of physical exercise in the population 
without disabilities has been extensive, but studies in the pop-
ulation with IDD are scarce [23], and their findings often do not 
reach statistical significance [24]. The studies present various 
methodological limitations, including small sample sizes, hetero-
geneity, non-randomized designs, and lack the of effect size 
calculation [25–30]. Some reviews have examined the effective-
ness of lifestyle interventions targeting changes in body weight 
and composition [31]. Although physical exercise programs have 
shown promise in reducing body mass and improving body 
composition, it is essential to consider that the intervention’s 
overall effect may not be solely attributable to physical exercise. 
Furthermore, certain reviews have focused exclusively on one 
type of training, such as strength training or cardiorespiratory 
training [21, 32, 33]. However, considering a training regimen 
that incorporates both types of exercises may lead to more 
beneficial effects in individuals with IDD. More comprehensive 
and well-designed studies are needed to fully understand the 
potential benefits and optimize the impact of physical exercise 
interventions for this population. The research indicates that this 
type of exercise prescription yields substantial positive effects 
on various health parameters, including aerobic capacity, muscle 
strength, total cholesterol levels, and resting systolic blood pres-
sure [34]. Furthermore, combined exercise programs have demon-
strated their effectiveness as a therapeutic tool for enhancing 
functional capacity and promoting the transfer of improvements 
to activities of daily living [35]. By integrating these comprehen-
sive exercise regimens into their routines, individuals with IDD 
can reap numerous health benefits and achieve an overall 
improvement in their quality of life. These exercise programs 
not only contribute to physical well-being but also foster greater 
independence and an enhanced ability to participate in daily 
activities, thereby promoting a more fulfilling and active lifestyle.
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Traditionally, cardiorespiratory exercise programs are prescribed 
to improve cardiorespiratory capacity and strength exercise pro-
grams to improve this physical capacity. However, the types of 
training in isolation do not promote holistic physical condition 
improvement. Combined exercise programs involve the training 
of several physical capacities within the same training session. In 
this context, combined physical exercise programs, designed to 
enhance muscle strength, cardiorespiratory capacity, balance, and 
flexibility, have shown to positively impact various [36]. The 
Guidelines for Exercise Testing and Prescription for individuals 
with IDD [36] recommend incorporating aerobic, resistance, and 
flexibility training into combined exercise programs. Specifically, 
aerobic exercise focuses on the circulatory and respiratory system’s 
ability to supply oxygen during sustained physical activity, resis-
tance training targets muscle strength, and flexibility training aims 
to improve the range of motion at joints. Research suggests that 
this type of exercise prescription has significant positive effects 
on aerobic capacity, muscle strength, total cholesterol levels, and 
resting systolic blood pressure [34]. Moreover, combined exercise 
programs have proven to be an effective therapeutic tool for 
enhancing functional capacity and its transfer to activities of daily 
living [35].

Currently study

In order to draw robust conclusions about the effects of exercise 
interventions and offer valuable insights for future studies and 
field interventions, it is crucial that systematic reviews are based 
on high-quality randomized controlled trials, which aim to mini-
mize bias and provide accurate estimates of intervention effect 
sizes [37]. Therefore, the primary objective of this systematic 
review with meta-analysis is to evaluate the literature of published, 
peer-reviewed clinical trials involving combined exercise interven-
tions and assess their effects on individuals with IDD. Our hypoth-
esis is that combined exercise, when conducted independently 
without any other associated intervention in the same session, 
will have significant effects in individuals with IDD. Additionally, 
we aim to achieve secondary objectives, such as summarizing the 
characteristics of the studies, including their design, participant 
details, and the frequency, intensity, time, and type (FITT [36]) 
characteristics of the interventions. Furthermore, we intend to 
evaluate the risk of bias present in the included studies and 
provide recommendations to enhance the quality of future 
research and exercise prescription in this population. By conduct-
ing this review, we aim to contribute valuable information to 
advance the understanding and implementation of exercise inter-
ventions for individuals with IDD.

Methods

This systematic review followed the guidelines of the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) as outlined by Page et al. [38]. The review was conducted 
between June and July 2023 and was registered in PROSPERO 
with the registration number CRD42023438822. The review utilized 
the PICOS strategy [39, 40] which entailed the following compo-
nents: (i) “P” (Patients) Participants with IDD of all ages, regardless 
of gender, race, and ethnicity.; (ii) “I” (Intervention) Any combined 
training program conducted in the same session with individuals 
with IDD, including those with Down Syndrome, regardless of the 
intervention duration; (iii) “C” (Comparison) The review compared 
the outcomes of the intervention group with those of the control 

group; (iv) “O” (Outcome) The primary or secondary variable under 
study was the effectiveness of the combined training program; 
(v) “S” (Study Design) The review included randomized controlled 
clinical trials.

Eligibility criteria

Eligible studies examining the effects of combined training inter-
ventions on individuals with IDD had to meet the following 
inclusion criteria: (i) Randomized controlled studies; (ii) 
Intervention studies with any duration; (iii) Population with IDD, 
irrespective of race, ethnicity, gender, or age group; (iv) Studies 
with any number of participants; (v) Intervention programs con-
sisting of combined physical exercise in the same session. 
Conversely, studies with the following characteristics were 
excluded: (i) Studies not written in English; (ii) Papers with par-
ticipants having different types of disabilities or pathologies; (iii) 
Papers lacking a clear description of the intervention protocol; 
(iv) Papers involving interventions that were not solely focused 
on combined training within the same group (e.g., interventions 
combining training with nutrition, education for healthy lifestyles, 
and others).

Information sources and research strategies

In June 2023, electronic searches were conducted in several data-
bases, including PubMed (title and abstract), Web of Science, 
Scopus, and SPORTDiscus (title/abstract/keywords). The search 
encompassed articles published up until June 15, 2023. To enhance 
the research, a combination of Medical Subject Headings descrip-
tors and natural language terms [41] were used, namely: “aerobic 
exercise,” “aerobic training,” “cardio training,” “cardiorespiratory train-
ing,” “cardiorespiratory training,” “cardio exercise,” “cardio training,” 
“cardiorespiratory exercise,” “cardiorespiratory exercise,” “continuous 
exercise,” “continuous training,” “high-intensity interval training,” 
“HIIT,” “interval training,” “interval exercise,” “endurance exercise,” 
“endurance training,” “resistance exercise,” “resistance training,” 
“strength training,” “neuromuscular training,” “resistance exercise,” 
“strength exercise,” “neuromuscular exercise,” “flexibility exercise,” 
“flexibility training,” “combined training,” “combined exercise,” 
“multi-component,” “multi-component,” “concurrent training,” “con-
current exercise,” “mental retardation,” “intellectual disability,” “intel-
lectual disabilities,” “intellectual and developmental disabilities” 
and “down syndrome,” as indicated in Table 1.

Table 1.  Research strategy.

Search 
number Research content

1 (“aerobic exercise” OR “aerobic training” OR “cardio training” OR 
“cardiorespiratory training” OR “cardiorespiratory training” OR 
“cardio exercise” OR “cardio training” OR “cardiorespiratory 
exercise” OR “cardiorespiratory exercise” OR “continuous exercise” 
OR “continuous training” OR “high-intensity interval training” OR 
HIIT OR “interval training” OR “interval exercise” OR “endurance 
exercise” OR “endurance training” OR “resistance exercise” OR 
“resistance training” OR “strength training” OR “neuromuscular 
training” OR “resistance exercise” OR “strength exercise” OR 
“neuromuscular exercise ” OR “flexibility exercise” OR “flexibility 
training” OR “combined training” OR “combined exercise” OR 
“multi-component” OR “multi-component” OR “concurrent training” 
OR “concurrent exercise”) AND (“mental retardation” OR 
“intellectual disability” OR “intellectual disabilities” OR “intellectual 
and developmental disabilities” OR “down syndrome”)
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Selection and data collection process

The aim of this research was to identify intervention studies based 
on combined training programs, irrespective of their specific pur-
pose. Two authors (MJ and SD) independently conducted the 
search, and after removing duplicate articles and reviewing the 
titles and abstracts according to the eligibility criteria, the results 
were compared and discussed. In instances where discrepancies 
arose between the two authors, a third author (RA) was available 
to collaborate and reach a final decision. One of the authors (MJ) 
was responsible for extracting essential information from the arti-
cles, including authors’ names, year of publication, country of 
origin, study objectives, participant details, intervention duration/
frequency, exercises/intensities employed, and outcome measure-
ments used.

Quality of study and risk of bias

The assessment of each study’s quality and the evaluation of 
potential biases were conducted using the Cochrane Collaboration 
Risk of Bias Tool [42]. Two reviewers independently assessed the 
quality of the studies, and in cases where discrepancies emerged 
between the reviewers, a third investigator (RA) was involved to 
perform the analysis and facilitate discussion with the first two 
investigators to reach a consensus.

GRADE assessment

The Grading of Recommendations, Assessment, Development, and 
Evaluation (GRADE) approach was utilized to assess the strength 
of the evidence using GRADEpro [43]. The certainty of evidence 
for each outcome was categorized as very low, low, moderate, or 
high. This judgment was based on five downgrading factors (risk 
of bias, indirectness, inconsistency, imprecision, and publication 
bias) and three upgrading factors (large effect size, dose-response 
relationship, and opposing plausible residual bias and confound-
ing). Two reviewers independently assessed the strength of the 
evidence for each study, and any differences between them were 
resolved through discussions or, if necessary, by involving a third 
investigator.

Data analysis

The meta-analysis adhered to the guidelines outlined in the 
Preferred Reporting Items for Systematic Review and Meta-Analysis 
Protocols by Moher et  al. [44]. Comprehensive Meta-analysis 
Version 3.0 statistical software (Biostat, Inc., Englewood, CO, USA) 
was employed for conducting the meta-analysis. The standard 
difference in means was calculated using relevant data from the 
primary manuscripts, including pre- and post-intervention means, 
standard deviations, and the number of participants. In cases 
where this information was not directly presented in the studies, 
the Cochrane handbook’s recommended procedures by Higgins 
et  al. [42] were followed to estimate these values. Effect sizes 
were measured using the randomized effects model, with a 95% 
confidence interval (CI), magnitude effects, and assessment of 
statistical significance (p < 0.05). To assess the influence of indi-
vidual studies on the overall effect size, a sensitivity analysis was 
performed using the leave-one-out method, where each study 
was excluded one at a time, and the analysis was repeated [45]. 
Heterogeneity among studies was evaluated using the following 
statistics: Tau2, Chi2, and I2 value was used to classify heterogeneity 

as follows: less than 50% represented low heterogeneity, 50–74% 
indicated substantial heterogeneity, and 75% or higher denoted 
considerable heterogeneity [46]. The funnel plot’s asymmetry was 
assessed using [47] method to verify the presence of publication 
bias. An inverted funnel-shaped plot indicated no publication bias 
[48]. Effect sizes of the standard means differences were classified 
using Cohen’s categories: d values between 0.2 and 0.5 were 
considered a small effect size, between 0.5 and 0.8 represented 
a medium effect size, and values greater than 0.8 indicated a 
large effect size [49].

Results

A comprehensive search of the databases yielded a total of 626 
studies. After the initial screening phase, which involved reviewing 
titles and abstracts, 33 studies were identified as potentially rel-
evant to the study. Subsequently, applying the pre-defined eligi-
bility criteria and conducting a thorough review of the full-text 
articles, eight studies were found to meet the eligibility criteria 
and were included in this systematic review for detailed analysis 
(please refer to Figure 1).

In this systematic review, eight intervention studies examining 
combined training programs in individuals with IDD were analysed. 
The studies encompassed various populations, including those 
with Down syndrome, and evaluated the effects of exercise on 
physical fitness, body composition, muscle strength, and functional 
mobility. The results demonstrated overall positive effects of the 
interventions on multiple outcome measures, supporting the 
potential benefits of combined training programs for individuals 
with IDD. See Table 2 for details.

Quality of studies and risk of bias

Among the included studies, five demonstrated a low risk of bias 
in random sequence generation, while three had an unclear risk 
for this item. Regarding allocation concealment, three studies were 
deemed to have a low risk of bias, while five studies had an 
unclear risk. For blinding of participants and personnel, two stud-
ies had a low risk, five had an unclear risk, and one study was 
classified as high risk. As for blinding of the outcome assessment, 
two studies were considered low risk, and six were classified as 
unclear risk. All studies were assessed as having a low risk of bias 
for incomplete outcome data. In terms of selective reporting and 
other biases, six studies were categorized as low risk, while one 
study had an unclear risk. See Figure 2 and 3 for detailed 
information.

Effects of combined training on anthropometric measures/
body composition

Although the effect of combined exercise on anthropometric mea-
sures/body composition variables in individuals with IDD was not 
statistically significant and showed a small effect (SMD = −0.16; 
95% CI, −0.34 to 0.03; Z = 1.68; p = 0.09), it is important to note 
that the confidence interval includes zero, indicating that there 
is no significant difference from zero in the true standard differ-
ence in means. Additionally, there was no observed heterogeneity 
(I2 < 50%, p > 0.05). The smaller studies appearing towards the 
bottom of the graph exhibited greater variability in effect size 
estimates due to sampling variation, leading to a dispersed dis-
tribution of values (see Figures 4 and 5).
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Effects of combined training on lipid profile

Combined exercise demonstrated a residual effect size that 
is not statistically significant, leading to the acceptance of 
the null hypothesis (SMD = −0.07; 95% CI, −0.43 to 0.29; 
Z = 0.38; p = 0.71). As the confidence interval includes zero, it 
indicates that the true standard difference in means is not 
significantly different from zero. No heterogeneity was 
observed (I2 < 50%, p > 0.05). Like the previous funnel plot 
for anthropometric measures/body composition variables, the 
studies appearing towards the bottom of the graph in this 
plot are smaller studies and exhibit greater dispersion of val-
ues due to increased sampling variation in the effect size 
estimates (see Figures 6 and 7).

Effects of combined training on functional capacity

Combined exercise appears to have a positive impact on func-
tional capacity variables in individuals with IDD, showing a small 
effect size, and thus, the null hypothesis should be rejected (SMD 
= 0.28; 95% CI, 0.01 to 0.54; Z = 2.03; p = 0.04). The confidence 
interval does not include zero, indicating that the true standard 
difference in means is indeed different from zero. However, sub-
stantial heterogeneity was observed (I2 = 50%, p ≥ 0.01). 

Additionally, there may be a presence of publication bias as the 
studies do not seem to be symmetrically distributed concerning 
the combined effect size (see Figures 8 and 9).

Effects of combined training on cardiorespiratory capacity

Combined exercise appears to significantly improve cardiorespi-
ratory capacity in individuals with IDD, showing a medium effect 
size, leading to the rejection of the null hypothesis (SMD = 0.80; 
95% CI, 0.34 to 1.26; Z = 3.41; p ≤ 0.001 The confidence interval 
does not include zero, indicating that the true standard difference 
in means is indeed different from zero. However, considerable 
heterogeneity was observed (I2 = 90%, p ≤ 0.001). Additionally, 
there may be a presence of publication bias, as the studies do 
not seem to be symmetrically distributed concerning the com-
bined effect size (see Figures 10 and 11).

Effects of combined training on strength capacity

Combined exercise appears to significantly improve strength capac-
ity in individuals with IDD, exhibiting a medium effect size, leading 
to the rejection of the null hypothesis (SMD = 0.77; 95% CI, 0.45 
to 1.08; Z = 4.78; p ≤ 0.001). The confidence interval does not include 

Figure 1.  PRISMA flow diagram illustrating each phase of the search and selecting process.
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zero, indicating that the true standard difference in means is indeed 
different from zero. However, substantial heterogeneity was 
observed (I2 = 72%, p ≤ 0.001). Additionally, there may be a presence 
of publication bias, as the studies do not seem to be symmetrically 
distributed concerning the combined effect size (Figures 12 and 13).

Certainty of evidence

We employed the GRADE framework to assess the certainty of 
evidence in this study. Due to methodological limitations in the 

included studies, the certainty of evidence in the meta-analysis 
was rated as low to very low. Limitations related to “study design” 
led to a downgrade in the certainty of evidence, along with con-
siderations for “risk of bias” and “publication bias” based on funnel 
plot asymmetry in some meta-analyses. Imprecision was also a 
factor, with certain meta-analyses receiving low ratings due to 
potential clinical decisions being influenced by the range of con-
fidence intervals. Moreover, “indirectness” was considered as sub-
stantial differences in populations, interventions, and outcomes 
between the review question and the included studies affected 
the certainty of evidence in all meta-analyses. For “inconsistency,” 
similarities in point estimates and confidence interval overlaps, 
as well as statistical criteria for meta-analysis heterogeneity, led 
to a downgrade of one or two levels of certainty in certain 
meta-analyses. No upgrades were made in any meta-analysis as 
no large effect sizes were found, and the study only included 
randomized controlled trials, thereby not warranting any upgrades 
based on the dose-response relationship or plausible 
confounding.

Characteristics of intervention

Participants

The total number of participants included in these studies was 
444, with 273 in the exercise groups and 171 in the control 
groups. Participants ranged from children to adolescents and 
adults, and among the eight selected studies, four focused on 
the Down syndrome population. The selected studies for this 
systematic review with meta-analysis were published in diverse 
geographical areas, including one from the American continent 
[54], three from Europe [50, 51, 55] and four from the Asian 
continent [52, 53, 56, 57]. Notably, half of the studies were pub-
lished in Asia. Regarding the intelligence quotient, four studies 
did not report the range [51, 53–55], one study mentioned that 
participants fell within the mild to severe range [57] while three 
other studies reported participants classified with an intelligence 
quotient between 35 and 70 [50, 52, 56].

Structure (duration/frequency) and training protocols

The duration of the intervention programs in the selected studies 
had an average of 13 weeks, ranging from 6 to 24 weeks, with no 
consistent pattern. Weekly frequency also varied between 2 and 
3 sessions per week, with 3 sessions per week being the most 

Figure 2.  Risk of bias summary.

Figure 3.  Risk of bias graph.
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common. Regarding the duration of each session, two studies did 
not provide specific information [51, 52], while the other studies 
prescribed session durations between 45 and 60 min. The assess-
ment and intervention protocols adopted differed among the 
studies, lacking standardization across the literature.

Discussion

The objective of this systematic review with meta-analysis is to 
evaluate the effects of combined exercise interventions in indi-
viduals with IDD, based on published, peer-reviewed clinical trials. 
Out of the numerous studies assessed, eight randomized con-
trolled trials met the eligibility criteria for inclusion in this review. 
The main finding indicates that physical exercise has effects on 
all analysed variables, although some may not be statistically 
significant. This partially supports our hypothesis, aligning with 
findings from studies involving participants without disabilities 
[58, 59].

Prescription

While the studies in this review adhere to the FITT model [36], 
the temporal heterogeneity makes it challenging to draw definitive 

conclusions about the effects of interventions over shorter or 
longer durations on various components of physical fitness. 
Nevertheless, a systematic review with meta-analysis focusing on 
this population indicated that short-term exercise programs were 
more effective than longer ones, and exercise frequency of 4 
times a week showed better results than 3 times a week in anthro-
pometric, body composition, and physical fitness variables [30]. 
This discrepancy in findings may be related to differences in par-
ticipants’ motivation and adherence to the prescribed exercise 
programs [8]. The variability in assessment and intervention pro-
tocols also adds to the heterogeneity, limiting the ability to draw 
robust conclusions in this regard.

Anthropometric measures/body composition

Although our study’s results indicate a potential trend towards a 
reduction in anthropometric measures/body composition 
(SMD = −0.16), they are not statistically significant (p = 0.09). Due 
to the scarcity of studies in the literature, as in the present 
meta-analysis, most meta-analyses include several variables in the 
same dimension and do not analyse subgroups by variable. Shin 
and Park [30], for biometric and body composition variables, state 
that the effects are unclear. Kapsal et  al. [28] showed a moderate 
effect of physical exercise on the health outcomes for youth with 
IDD (g = 0.743, p<.001). However, in addition to encompassing all 
types of exercise, these health outcomes correspond to several 
variables beyond anthropometric measures/body composition, 
namely cardiorespiratory capacity, muscular strength, blood pres-
sure, cholesterol, functional capacity (e.g., activities of daily living), 
or reaction time.

Recently, Salse-Batán et  al. [60] carried out a meta-analysis, 
where they analysed the effect for each variable of interest, for 
each type of training and a sub-group analysis by age group. In 
addition to the results not being significant, some analyses were 
performed with a very small number of studies and included a 
study that is not a true randomized controlled trials because it was 
not possible to perform strict randomization of the participants, so 
the results should be taken with caution. Regarding body mass, 
BMI, fat mass and waist circumference in children, adolescents and 
adults no significant results for cardiovascular training, combined 
training or other type of exercise [60]. Following the results pre-
sented above, small effect size for weight, SMD = 0.13, 95% CI 
[−0.12, 0.37] and inconsistent for waist circumference 95% CI [−0.37, 

Figure 4.  Forest plots showing the effects of combined exercise on anthropometric measures/body composition.
Note: SD, Standard Deviation; CI: Confidence Interval; IV, Inverse Variance.

Figure 5.  Funnel plot of publication bias of anthropometric measures/body 
composition variables.
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0.50] were found by St. John et  al. [61], however, the author also 
analysed all types of exercise together.

On the other hand, studies in the population without disabil-
ities are also unclear and inconclusive. However, studies state that 
combined strength and cardiorespiratory exercise training seems 
to be good strategy to increase fat-free mass and reduce fat mass, 
being the best method to lose weight and fat mass and maintain 
fat-free mass [62, 63]. In the opposite direction, if the focus is 
only on reducing body mass, aerobic training seems to be the 
most effective [60, 64]. Among the various types of cardiorespi-
ratory training, interval training seems to be the one with also 
the greatest effect [65]. Previous studies seem to indicate that 
physical exercise alone does not produce significant changes in 
anthropometric measures/body composition variables [24, 66]. In 
this sense, the literature suggests that individuals with IDD should 
maintain a healthy diet and reduce caloric intake while increasing 
energy expenditure, creating a negative balance, enhancing body 
composition variables [67, 68].

On the other hand, weight loss and body composition improved 
in individuals with IDD by the prescribed medication, which may be 
one of the factors for the meta-analysis not being significant. A large 
proportion of this population are prescribed antipsychotic and anti-
depressant medications [69], potentially causing the side effect of 
weight gain [70], and this medication-induced weight gain is signif-
icant and often difficult to reverse. Finally, as previously mentioned, 
although the prescription of the studies followed the FITT model 
and the American College of Sports Medicine [36] guidelines, it may 
not have been sufficient for the results to be significant.

Lipid profile

As with the anthropometric measures/body composition vari-
ables, combined exercise has a residual effect size (SMD = −0.07) 

and is not significant (p = 0.71) for the reduction of lipid profile 
variables and the confidence interval included zero. However 
physical exercise, namely combined training, has already shown 
significant effects on the variables in focus in individuals with 
IDD. Calders et  al. [34], when prescribing a combined exercise 
program, found a significant difference in cholesterol variables. 
Participants trained twice a week for 70 min per session. The 
training included muscle strengthening of the biceps brachii, 
triceps brachii, quadriceps, hamstrings, abs and dorsalis, cycling, 
step and running. Cardiorespiratory training was performed at 
intensity 90% of the anaerobic ventilatory threshold, which 
increased to 100% after 10 sessions and to 110% after 20 ses-
sions and the participants used stationary bikes, cross trainers, 
and a treadmill.

In a meta-analysis where the effect size was analysed with all 
types of training together, St. John et  al. [61] reported a medium 
effect, SMD = 0.30, 95% CI [0.56, 0.03] for the variable blood 
pressure. Kapsal et  al. [28] also stated that exercise significantly 
promotes health outcomes (g = 0.743, p<.001). In addition to 
encompassing all types of exercise, it refers to health outcomes 
as anthropometric measures/body composition, namely cardiore-
spiratory capacity, muscular strength, functional capacity (e.g., 
activities of daily living), or reaction time, also encompassing 
variables such as blood pressure and cholesterol.

For the health children and adolescents the results of 
meta-analysis showed that combined exercise was superior to 
cardiorespiratory training in terms of LDL cholesterol 
(MD= −10.20 mg/dL, 95% CI −17.97 to −2.43; p = 0.01; I2 =30.8%; 
SMD= −0.35) [71]. As mentioned above, the prescription per-
formed may not have been sufficient for the results to be sig-
nificant, despite following the FITT model and American College 
of Sports Medicine guidelines (2021). As an example, Cugusi and 
Carta [72] despite observing a reduction in some of these vari-
ables, they were not statistically significant, suggesting that 
studies with longer interventions are needed to identify signif-
icant effects.

Although the mechanisms behind the effect of exercise on 
lipid profile are unclear, exercise appears to increase the ability 
of skeletal muscles to utilize lipids as opposed to glycogen, there-
fore reducing plasma lipid levels [73, 74].

Functional capacity

Contrary to anthropometric measures/body composition vari-
ables and lipid profile, combined exercise seems to improve 
functional capacity variables in individuals with IDD, with the 
confidence interval almost touching zero. Previous studies have 
found no significant differences in some variables in functional 
capacity by implementing a strength program. The results of 
Sugimoto et  al. [75] showed a small, statistically non-significant 
effect (SE: 0.11, 95%CIs: −0.47, 0.69, p = 0.71, Figure 5), of the 

Figure 6.  Forest plots showing the effects of combined exercise on lipid profile.
Note: SD, Standard Deviation; CI: Confidence Interval; IV, Inverse Variance.

Figure 7.  Funnel plot of publication bias of lipid profile.
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intervention on grocery shelving (functional mobility task). The 
SE of effect sizes from the same two studies demonstrated a 
small, statistically non-significant effect (SE: 0.25, 95%CIs: −0.34, 
0.83, p = 0.41, Figure 6), of the intervention on timed up-and-
down stairs [75]. On the other hand, Obrusnikova et  al. [33] 
showed a statistically significant effect of the strength training 
on the 6MWT (SMD = 0.48; 95% CI = 0.14 to 0.83; z = 2.79; 
p=.005), with higher effect size than we found. A meta-analysis 
analysed studies with different types of exercise, significant 
effects were found on 6-min walk distance (51.86 m, 95% CI 
[16.49, 87.22], p < .05) [76].

For populations with other comorbidities, including after stroke 
disease combined exercise had a significantly increased functional 
capacity (mean ES = .45, 95% CI = .25 to 0.65, p< .0001) [77]. 
Also in older people, combined training seems to be the best 
strategy to improve functional capacity [78].

Our systematic review with meta-analysis seems to indicate a 
fundamental role of combined physical exercise in increasing 
mobility/functionality, which contributes to preventing the onset 
of functional decline, independence, and quality of life in indi-
viduals with IDD.

Cardiorespiratory capacity

Combined exercise seems improve cardiorespiratory capacity in 
individuals with IDD, and the confidence interval is far from zero. 

As previously mentioned, in a meta-analysis where effect size was 
analysed with all types of training together, St. John et  al. [61] 
indicated a medium effect (SMD = 0.55) when comparing the 
exercise intervention to the sedentary control; 95% CI [0.17, 0.94]. 
On the other hand, despite focusing only on cardiorespiratory 
capacity variables, Obrusnikova et  al. [33] showed that combined 
interventions (resistance, balance, and/or flexibility exercises) 
reported slightly more effective (SMD = 0.40; 95% CI = 0.11 to 
0.70; z = 2.69; p=.007) than the non-combined interventions (SMD 
= 0.42; 95% CI = 0.05 to 0.79; z = 2.25; p=.02). Nevertheless, our 
meta-analysis demonstrated a larger effect size compared to the 
studies presented.

Another meta-analysis, where the authors referred to physio-
logical measures (variables such as strength or cardiorespiratory 
capacity), evidenced a medium effect sizes (i.e., effect sizes .3–.8) 
to large effect (i.e., effect sizes larger than 0.8) analysing all types 
of training together [30].

For populations with other comorbidities, namely after stroke 
disease or with heart failure, combined exercise significantly 
increased cardiorespiratory capacity (mean ES = .41, 95% CI = .25 
to .56, p< .0001; SMD = 0.77, 95%CI 0.39–1.14, I2 =80.1%; respec-
tively) [77, 79].

Strength capacity

Like the findings for functional and cardiorespiratory capacity, 
combined exercise seems to improve strength capacity in indi-
viduals with IDD, with a medium effect size.

For the population in focus, the strength training show a 
statistically significant effect on muscular strength of adults with 
IDD (SMD = 0.92; 95% CI = 0.40 to 1.45; z = 3.43; p = 0.000). The 
results revealed that both sets of studies produced statistically 
significant gains in muscular strength, with the non-combined 
strength training interventions being more effective (SMD = 0.82; 
95% CI = 0.32 to 1.31; z = 3.25; p = 0.001) compared with the 
combined interventions (SMD = 1.16; 95% CI = 0.23 to 2.09; 
z = 2.45; p = 0.01) [32a). Although the effect size is higher than 
that found in our study, the authors only assessed strength, and 
for the promotion of other variables, combined training may be 
more effective. Assessing variables of strength, after participants 
were part of a training program of this physical capacity, 
Sugimoto et  al. [75] found significant differences and a large 
effect of the intervention on knee extension strength (SE: 0.52, 
95%CIs: 0.31, 0.72, p = 0.01), a moderate effect (SE: 0.45, 95%CIs: 

Figure 8.  Forest r
Note: SD, Standard Deviation; CI: Confidence Interval; IV, Inverse Variance.

Figure 9.  Funnel plot of publication bias of functional capacity.



12 M. JACINTO ET AL.

0.21, 0.68, p = 0.01) of the intervention on knee flexion strength, 
a moderate effect of the intervention on 1 RM leg press with 
statistical significance (SE: 0.40, 95%CIs: 0.03, 0.78, p = 0.04). On 
the other hand, a small, statistically non-significant effect (SE: 
0.21, 95%CIs: −0.16, 0.57, p = 0.27) of the intervention on 1 RM 
chest press was found [75], similar to what we observed in other 
studies, where the authors only assess physical capacities related 
to the type of training.

Various types of exercise in the same analysis [61], showed an 
effect estimate indicating strong, positive increase when compar-
ing the intervention group to the control group, SMD = 0.70, 95% 
CI [0.24, 1.16], indicating benefit, although this is a smaller effect 
size compared to that found in our study.

Shin and Park [30] evidenced a medium effect size (i.e., effect 
sizes .3–.8) to large effect (i.e., effect sizes larger than 0.8), in 
physiological measures variable (which included variables such as 
strength or cardiorespiratory capacity), when performing a 
meta-analysis with all types of training together. In Wang et  al. 
study [76], the authors did not proceed to a meta-analysis because 
the existence of few studies did not allow it, a fact not taken into 
account in some studies.

For populations with other comorbidities, namely after stroke 
disease and heart failure, combined exercise significantly increased 
muscle strength (mean ES = .59, 95% CI = .32 to .86, p<.0001; 
SMD = 0.67, 95%CI 0.18–1.16, I2 =0%; respectively) [77, 79], effect 
sizes smaller than those found in our study.

The first study that analysed the impact of combined exer-
cise showed that it increased cardiorespiratory capacity and 
decreased the capacity to increase strength [80]. Several factors 
may explain this lack of significant results (as well as in the 
variables previously presented), namely the volume, intensity, 
frequency of sessions or duration of sessions. From the evi-
dence available nowadays, including from the results of the 
present study, combined exercise seems to increase strength 
capacity.

Limitation and future research

Although our systematic review with meta-analysis focused only 
on randomized controlled trials, which is a strength of this work, 
it is not without limitations. Some articles reviewed did not report 
the ethology and severity of IDD, and the heterogeneity and lack 
of information prevented subgroup analysis by age group, gender, 
or level of IDD. The small sample size of the primary studies may 
have contributed to large confidence intervals and limited the 
robustness of the analysis. Additionally, the lack of clarity in inter-
vention protocols, including intensity and monitoring of physical 
activity, poses further limitations. As a result, caution should be 
exercised when interpreting the results, and the potential for bias 
or overestimation of the intervention effect should be considered 
due to limitations in study designs and methodological quality. 
The heterogeneity in meta-analyses with significant results and 
the crossing of the null line in some analyses also warrant careful 
interpretation of the findings.

Only two studies in our analysis calculated the sample size 
[54, 57], which is crucial to detect the desired difference and 
avoid type II errors with small samples or ethical concerns with 
larger samples [81]. Additionally, some studies lack essential 
information about the intervention protocol, equipment famil-
iarization, verbal instructions, or other strategies such as demon-
stration or reinforcement [82]. Furthermore, only one study 
mentioned the minimum percentage of adherence required for 
inclusion, which could have influenced our results, as high adher-
ence rates have been shown to be more effective [83]. Lastly, 
language restrictions may have limited the scope of our results. 
As well as addressing the limitations mentioned above, future 
studies should investigate ways of promoting the feasibility of 
people with intellectual disabilities participating in healthy com-
bination exercise programmes.

Figure 10.  Forest plots showing the effects of combined exercise on cardiorespiratory capacity.
Note: SD, Standard Deviation; CI: Confidence Interval; IV, Inverse Variance.

Figure 11.  Funnel plot of publication bias of cardiorespiratory capacity.
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Conclusion

The findings of this systematic review with meta-analysis suggest that 
participants engaged in combined training programs show improve-
ments in various variables. However, statistically significant results were 
observed only for functional capacity, cardiorespiratory capacity, and 
strength variables. Given the diverse methodologies used in the studies 
reviewed, it is challenging to establish definitive guidelines for the 
ideal prescription of combined training to promote all variables in 
individuals with IDD. Engaging in combined exercise not only enhances 
physical capacities but also reduces the risk of various diseases, con-
tributing to an improved quality of life for individuals with IDD.
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